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ABSTRACT 

This article describes* an approach to modifying 
science students' alternative conceptions of physical phenomena by 
means of diagnostic and remedial microcomputer programs designed in 
accord with a model of conceptual change. Current applications of 
microcomputers are discussed, including numerical work, drill and 
testing, tutorials, simulation, and real time use. A review of the 
literature on alternative conceptions focuses on the concepts of 
speed and force in physics instruction, and a model of conceptual 
change is outlined which implies that instruction should involve the 
identification or diagnosis of student conceptions, the lowering of 
the status or ren^ediat io.i of alternative conceptions, and the raising 
of the status of the new instructional content. Two specific programs 
designed to diagnose some alternative conceptions of speed and force 
are described, as well as the results of using the programs with 
first year university science students. These results indicate that 
the programs effected dramatic changes in a common alternative 
conception of speed and were able to diagnose several interrelated 
aspects of alternative conceptions of force. Twenty^two references 
?are listed. (Author/LMM) 
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ihc nncrucoinpuKT iias arrived on ihc 
cdiicaiional scene. The conibinaiion dI' low 
cosi and vcrsaiiliiy has ineani iliai \\s appeal 

• is eclceiic — adniiiiisiraiors, teachers and 
^tudeIUs can all jusiitv ilie modcsi outlay lor 
a variciy of reasons, run^jing trom the 
serious to the iriv ial, t here is wery icasiJn lu 
expeei that wit Inn a I*e\v sliori years, the 

y niicroconiputer will be as ubiquitous in 
schools as overiiead, slide and movie projec- 
tors. 

« But wliat wid be its impact in the long 

term? Will cosi-conscious accountants find 
that books arc able to supply students with 
the same information at a fraction of ilic 

1^ cost, and without the possibility of being 
diver, ••d into mindless arcade game playing? 

GO 

Or will education take on the magical qiiali- 
OO ty of Cicorge Leonard's vision in L'dNcation 
andEcstacyV In my view, this depends oh 
^yjthe ingcnujiy with which wc explore the 
possibilities in the iwiw medium. On the une 
hand, using the microcomimier to take o\er 
tXJthc functions that oldei icchnolo^ic^ .ind 
techniques have lurioinuHl s.iMskK'itinlv 
will be a self-defeating exeicise. On the oilui 
hand, finding nt•\^ tiuu'jons wh'wU could 
not be pcrfotnied in the past hold^ iUl- 
potential of opening usia» in the luiuic 
which are unimagined m the present. 

in this article, I shall be exploring one 
possible function fo'* the miciocom.aiter in 
education. This new I unction arises from 
the consiructivist view of learning which 1 
recently discussed in this journal;^ it is a view 
» which explains the i\o\\ well-docutnenlcd 
finding that all students bring to the science 
^ classroom surprisingly extensive theories 
, about ho\\ the natural \\orld works.'* As 
Champagne, Klopfcr and Gunstone^ have 
pointed out, these theories (which they call 
•alternative conceptual systems'* Driver^ 

* calls 'ahernativc frameworks', and which I 
shall refer to as *alternaiive concept ions'') 
have some interesting characteristics: 

• they are often held by students who have 
had no formal instruction in the subject; 

• they are often significantly diffetent 
trom generally accepted views ol the sub- 
ject; 

• they are consistent across dilfercni 
groups; ar J 

• they are surprisingly resiMant to change 
as a result of traditional instruction. 

O _ .lore specifically. I shall be considering if 
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a microcompulcr can he used to diagnose 
whether a student liolds a spccilic alter- 
native conception and, if so, to provide 
remedial instruction based on a model of 
learning as conceptual change ^^hich \sil! 
assist the student to change his or her views*. 
In the lest of this article 1 shall: 

• discusscuirenl usageof microcomputers 
in science instruction; 

• review the relevant literature on alter- 
luulve conceptions, with pnitieular atten- 
tion to the concepts of speed and force: 

• outline a theory of conceptual change 
which suggests how to design instruction 
aimed at replacing alternative conceptions; 
t describe microcomputer programs 
designed to diagnose and remediate some 
alternative conceptions of speed and force; 

• ouihne the results of using these pro- 
giams \M!h fiist year utiiversity students; 
and 

• >ununari/e the outcomes of the paper. 

Mit-roLMnnpnturs in siieuee in^trucliiui 

Microi timpuicr^ have a number of con» 
^! J^ i .tblc advantages over tnany of the other 
x Ju.iiuonal media presently in use.* Tirstly, 
sUidcnis can intpact directly with a micro- 
computer. Thuji provided the sothvare re- 
quiies u of them, students play a very much 
more active role 'v\ learning than with other 
media. Secondly, students can get individual 
attention for their specific difficulties from 
the microcomputer. Thirdly, microcom- 
puters allow students to control the pace at 
which they work, so that a student who is 
having difficulty with one particular section 
of work can take the time needed to master it 
bctore moving on to the next section. 

Microcompmers are currently being used 
in a number of different ways in science in- 
struction at both secondary and tertiary 
levels,* all of which make at least some use of 
their specific capabilities. 

S'uffwricul M}rk 

Ibe ability of the tnicrocomputer to per- 
form numerical calculations rapidly and ef- 
ficiently allows students to investigate the 
scienutlc rather than the mathematical 
aspects of equations by eliminating tedious 
calculation, lor example* infoductory 
physics courses are generally restricted to 
those problems for which the laws of motion 
can be solved analytically. This restriction 



can now be removed* since iterative solution 
techniques are easy to implement on a com- 
puter. 

Drill and teuimi 

The capability of storing many questions 
in a data bank, of varying the type and con- 
tent of questions asked, of asking many dll- 
ferent questions in a relatively short period 
of time, of recording and evaluating st udent 
responses, of being able to give feedback 
based on the student's respon.se and of being 
readily available, makes drill and testing ob- 
vious f mictions of a microcomputer in 
scicitcc instruction 

Tutorial 

The microcomputer cannot compete with 
a book purely in the prescmation of infor- 
mation. Wiien its interactive capability is, 
however, combined with the presentation of 
intorniation, programs with carefully 
designed quest ions aad branches which 
allow a student to take different paths 
through the matc^'ial. can involve hitn or her 
far more actively in learning than a book 
can. 1'hisadvantage is particularly enhanced 
when dynamic graphics are used. 

Simulaiiori 

All too frequently, real world experiences 
are difficult to repeat in the laboratory, are 
too complicated for introductory students 
to analyse, happen too rapidly to be seen, 
can only be observed using complicated in- 
strumentation which obscures the desired 
phenomena, or are otherwise unexamin- 
able. The ability of the microcomputer to 
simulate this type of phenomenon allows the 
student to expand his or her range of ex- 
periences greatly. * 

Real lime use 

Scientists have interfaced compnter.9^vith 
th'.'ir experimental apparatus for vears. 
Thompson, however, points out that this 
capal)ilily can bring experiments which are 
normal!) unavailable into the student* 
labor diory 

\s Uork points out, the microcomputer's 
capabihty of individual response means that 
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H can play iho rt)le ol a Sihm.iuc ituor. In 
icadini* ihe sliulciu ihiouH^i n wncs <»t 
caicfiilly stiucliiicti iiiuMiuns which aio 
responsive lo liis or her answers. >^ 

The.se are e.xeillng possihililles huras Hoik 
indicales, they represeni ihe siale ot ihe an, 
rather than a final definitive list, t here aa> 
likely to be far-reaching conscitueiuv^ loi 
courses, curricula and insiiiuiiuns as a icsiilt 
of current and future developments in hoih 
computer hardware Pnd sofiwuie. Ihere i^ 
nuich to bclenrned about luuv people leain 
and about hosv to incorporate this jnto the 
design of instructional software, 

AlUTnalivc uinecpllons 

As 1 have outlined clscwliere the oceur- 
rcueeof alternative concept ions is consistent 
with two other iile^s which are of particiilai 
importance in ^hAmicc ediicntion today. 
F-'irsily. people srN> e lo make scn.se of I lu*ir 
experience. Secondly, people use the 
knowledge ihcy possess in tlicir attempts to 
make sense of their experience. Thus, as a 
direct result of the ahovc two ideas, in- 
dividuals from different backgrounds, hav- 
ing different cxtierienees and knowing dif- 
ferent things, arc likely to construct alter- 
native conceptions from the same informa- 
tion. 

The significance of alternative concciv 
tions depends, among other things, on the 
hirgc number of different aiternatives In dit'- 
ferenl eontenl areas whicii have been iden- 
tified to date, the considerable numbei of 
.students who hold them, and, more ten- 
tatively, the suggestion tliat cjivironmcntal. 
linguistic and cultural factors piny a part in 
their occurrence. Researchers from various 
countries have documented alternative con- 
ceptions in topics as diverse as vectors, 
kinematics, dynamics (includnig triciion, 
gravity, energy, momeiuum and pressure), 
heat and tcm[)erature, electricity, light, den- 
sity (including mass and volume), the piir- 
ticulate theory of matter, the earth as a 
cosmic body, evolution, heredity, the cir- 
culatory system and Hie. I* or example, 
dyniuiiics and kinematics have been review- 
ed by McDcrmott," and heat, temperaiuie. 
light and electricity by l ibergliien.'^ A more 
extensive, bur less detailed, review lias been 
provided by Driver and hrickson.^^ 

At a receru intcrnarional seminar on 
'Misconceptions in Science and Mat he 
inatics', more than 50 papers werepresenied 
on topics in physics, chemistry, biologv and 
mathematics.' The interest engendered by 
the .seminar, which attracted participaius 
from many countries, and thee\teni ot ilic 
hsl given above are just two indications that 
alternative conceptions are a factor which 
can no longer be ignored in science educa- 
tion today. 

An (titoniathv vnni vphon of speed 
The alternative conception of spcvd con 
^ ,.dercd in this article was first identified by 



1 rov^luidre and McDcrmoit^* in ihecouive 
ot a s^sicin.Uk siiuK ol ihc wa>s in wliiih 
suulents ilitnK a[)oui motion. H> Using ap- 
]\ualiis which allowed them to ilemonsuaie 
the vime inotlcm repeatedly, they asscNsed 
uiidcr.landinv of students' conccpiKMis of 
speed by the decree to which a siudeni suc- 
ccsstuily applied i his c(»nccpt Ion t(Uhe inter • 
pietation of these stm[)le motions of leal oh- 
iecis. More specificallv, they found that, 
heloie instrnciion, at least 3()"u of ail 
students enioiled in a wide variety ot in- 
iioductory physics courses at the Univeisiiy 
ol Washington were unable to conipaie ihe 
speeds of two objects satisfactorily. In 
geneial, these students used a 'position' 
criteiion lor determining when two objects 
were moving at the same speed. In other 
words, wiieu two objects were next to one 
anolhei (i.e. at the same position), the 
students said that they were moving at the 
same speed. C onverscly. they also conclud- 
ed that when iw'o objects maintained acons- 
tant separation, they were not moving at the 
same speed. A possible reason for the 
[)lausibility of this conception arises from 
the fact thai sometimes, such as when two 
cars travel next to one another on the 
freew-ay. the position criterion will give the 
right answer. In other cases, such as when 
one ear overtakes a second, it does not. One 
of the microcomputer programs described 
below was designed to address this alter- 
native concei'Jtion of speed. 

Afternatne ameeptions tif Jonv 

Keseaich into alternative conceptions ol 
lorce hiis shown that they lorni a complex ol' 
interlocking ideas which are far more ex- 
tended and pervasive than is the case witli 
the alteinaiivc conception of speed con- 
sidered alnne. l-or example. Watts'* outlin- 
ed eiglu distinciive alternative conceptions 
of force. In order to keep themunberof pro- 
grams to manageable proportions in the lirsi 
instance, u was necessarv to coiisidei onl> 
tlu^se alternatives w-hich were most 
prevalent and thcrelore most likely lo cause 
difUcuiiy 111 lirsi yeai physics. 

Ihe maior aiiei native conception wliich 
was consideied Is ccniied on the concept of 
loice m ihe coiuext u! a. consideration ol 
motion and Its c.uises. I he essence of tins 
conception is that a force is necessaiv 
wheiievei mouiMi is present. \'ieniuu^^ 
foiuid ihai a student holding ilnsconce[Mion 
would use the veiocu> ol an object, rather 
ihan Us acceleiatioii, to deduce the piesence 
of torcos. Her results uidicatgd that the use 
ol this concepii()n was dcjKMidenl on the 
coniexi ot ihe question which was asked. If 
the toial mtMlon of th.* object was given, 'is 
use was lai more prevalent than if siudents 
wereyiveii an equation ot motion and asked 
to calculate the !oi.:c. She called 'his the 
NniM^ls of ioree* noiion. i.e. 'the :orcc in a 
body winch keeps it moving*. C'lemt^nt" 
MJnunari/ed the same idea as 'motion im- 



plies a toue', noted that ihis Moice* was 
moie likely lobe used wlien iheic was an oh 
vious o[)|)osing loice. and that stuilcnts 
thought it would *dic out' oi Miuild up'ni 
order to account foi changes in speed. Watts 
diew a distinction between a conception in 
which the motion iiselt is the lorce. typically 
expressed as Mhe loice ol the moving 
ohjccr; and one in which the loice is exter- 
nal lo the moving objcci. but wnhtnit being 
Identified with any other object. Me has 
|)araphrased ihis laiiei notion its lollows: 'II 
a body is moving there is a force acting upon 
it in thedireclivmof thenioveincnt. If a body 
is not moving iheie is no K^rcc acting upon 
it.' 

Another aspect (^f the alternative concep- 
tion of 'motion iinj^lics a lorce\ about 
which Viennot. C'lcmeni and W atls have all 
agreed, js the Ircquent+ack of a distinction 
between force and eneig>. hor example. 
Viennot commented that energy in many 
situations 'is inextricably mixed wuh the 
concept of lorce in a single undifferentiated 
complex', and Watt.s claimed that for some 
students lorce is energy. 

Motion IS of interest because many 
students regard it as a force, but in the 
Newtonian sense it is not. In contrast, the 
reverse is the ease with two other concepts — 
gravity and friciioUr Many .siudenis do not 
regard them as forces, although in the 
Newtonian sense they are. Although there 
has been some research into this 
question,*^ the reastms for this are 
speculative. It seems, however, that some 
students tend t(^ think ol lorces as associated 
with active agents such as people or 
machines. 2 1 The corollary to this is that they 
find it hard to conceive of passiv e agcius ex- 
erting a force, such as a table exerting a force 
on the book which It is supporting. Gravity 
and friction are likewise not regarded as 
forces because they aie due to [lassjvc 
agents. Ihls is most elearlv shown l»y 
students who led there is no need to [uo vide 
anv explanation of Why objects fall t(^ the 
ground, oi wh> moving objects slow down 
as the^ moveaciossasui lace — the> legard 
them as natuiai occuireiiccs. 

A model of cuneeplual change 

In this stiidv Ihe quesiion ol how a 
miciocompuici Ctin make explicit use ol an 
identified altcrnativeconcepiion in le medial 
instriiciioii was addressed b> thinking of 
Iciuning as a change in a student's concep- 
tion. l*rom this point ol view, learning in- 
volves an interaction between new and ex- 
isting conceptions with tlie outcome being 
dependent oi\ the nature of the interaction. 
II these concept loiis can be reconciled, 
learning proceeds wiilunit piohleiii. If. 
however, ihev cannot he reconciled, then 
learning requires ihai existing coiicepiioiis 
be restiuctuied or even exchanged lor the 
new. the recognition ihat change ol this 
nature may have ti^ occur forms the basis of 
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the model of Icarninij as oojiccpmal cliangc 
which wc have developed. *° 

The model of coneepiiial ehangc ouilincs 
ihe condiiions whicli a new eoncephon has 
10 saiisfy before it ean be imegraicd with cx« 
isllng knowledge. Three quesiions inusi be 
asked of each eonecption: 

• Is it imelhgible (/)? Does the person 
know what il means? Can he or she con- 
struct a coherent representation of it and see 
that it is- itUcrnaHy eonbistent, without 
necessarily believing it to be true? 

• Is it plausible (P)l In addition to being 
intelligible, is it also true? Is it reconcilable 
with other exiMing conceptions? Is it how 
the world really is? 

• Is.it fruitful (/•)? hi addition lo being 
plausible, is it useful? Does it clear up 
anomalous results? Does it suggest further 
experiments or new approaches? 

The answers to these three questions are 
used 10 dcicrmine the status of a question — 
no status if ail three answers are negative; 
status / if the first answer i^ positive; status 
IP if the first two answcis are positive; and 
status IPF If all tKrce answers are positive. 
Because conceptual change ean occur only 
when status changes, the next question to 
consider is: how docs status change? It does 
not change spontaneously. It is lowered only 
if there is cause for dissatisfaction, and it 
rises only if sources of dissatisfaction are 
removed and some advantage is gained. In 
other words, the success of a microcom- 
puter program designed to effect conceptual 
change depends, in part, on the extent to 
which it is able to make a Nt udcnt dissatisfied 
with the conceptions which he or she holds. 

Effecting conceptual change with 

. The implications o! the conceptual 
change model for addressing alternative 
conceptions are straightforward. These are: 

1) Diagnosis, li is necessary to know 
whether or not any given student holds the 
alternative conception under consideration. 
This can be determined only by using a 
diagnostic test. 

2) Remediation — the lo\^ering of status. 
The model indicates that it is reasonable to 
iissumc that a student holding a conception 
does ao because its status is at least IP, If, 
however, this conception is irreconcilable 
with a new conception which istobe^iaught, 
then it is impossible for the status of the new 
conception to rise to /Pun til the status of the 
existing V inception falls. In other words, it 
is necessary to address the old conception 
with the explicit intention of creating 
dissatisfaction with it, thereby lowering its 
status. 

3) Remediation — the raisnig of status. 
Teachers have always put considerable ef- 
fort into explaining new ideas. In terms of 
the model, this v\ill aUva>s he necessary in 

^ order to make a new idea intelligible to the 
-jdent. In addition, however, the model 



MU>«ests tliat il is necessary lo shcnv thai the 
new conception is a better option than the 
old, because it does what the old co\itd not 
do and more. In other words, it is necessary 
to raise the status of the new to IPF, or at 
least IP. 

I he ability of the microcomputer to allow 
a student to interact actively with instruc- 
tional material and to follow an in- 
dividualized path at his or her own pace is 
very useful in designing instruction to 
achieve the three stages outlined above. For 
example, the results of the diagnostic test 
will show whether the student holds an aher- 
nailve conception whose status needs to be 
lowered. On this basis, the student can be 
directed to specific remedial progiams 
which can be worked through as and when 
required. In addition, the ability of the 
microcomputer to simulate motion is par- 
ticularly useful in the work described in this 
article, because of the central role which 
motion plays in the ahernative conceptions 
of speed and force which I outlined above. 

A inicroeoinputcr program on speed 

The program was designed to diagnose 
students who used a position criterion for 
comparing relative motion, and to provide 
remedial sequences whose aim was to per- 
suade these students to change to an accep- 
table cruerion. It is clear that this is a 
relatively unimportant alternative concep- 
tion which is simple to identify and relatively 
isolated from other alternatives, and v/hich 
many students correct for themselves, Il 
was, however, chosen for the following 
reasons. Firstly, the position criterion seems 
to be the only plausible alternative. 
Trowbridge and iMcDcrmott** comment 
that 'virtually every failure to make a proper 
comparison can be attributed to use of the 
position criterion to determine relative 
velocity'. This makes the remedial task 
significantly easier. Secondly, if we are able 
to diagnose and remedy a simple example 
such as this using a microcomputer, It ought 
to provide us with guidelines for tackling 
alternatives which are more significant and 
more complex. 

Dtagnous 

The diagnostic stage consists of six dif- 
ferent races in each of which two 'cars* move 
from left to right across the screen. The stu- 
dent records a response by pressing a control 
button in accord with the instruction: 'Press 
the button when you think the two cars are 
moving at the same speed.* 

The races, which include tlie two used by 
Trowbridge and McDermoti, were designed 
on the basis of their ability to distinguish 
between the correct and position criteria. In 
other words, diere are no occasions wliere 
both car^ are moving side by side at the same 
speed. In addition, other factors such as ac- 
celeration and deceleration, which affect the 
perceptual appearance of the races without 
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Fig. I. Siinitiiary oi task set by first diagjiosiic 
program (DO I); What forces (names, directions, 
comparative magnitudes) are aeling on the rocket 
at points /I. B, CaiidD? 



changing the essential components of the 
task, are vaiicd. The use of six races is 
necessary to allow for possible mistakes and 
to provide a greater assurance that the 
diagnosis made is the correct one 

Remediation 

In the program the two aspects of the 
remedial stage are combined in two further 
races which were designed to lower the 
.status of the position ciiierion while at the 
same time introducing the correct criterion. 
This was done by considering two extreme 
cases which introduce perceptual anomalies 
for a student using the position crherion. In 
the fh-st case, one car remains in i hecenlre of 
the screen, clearly not moving; while the 
other travels past it at a constant .speed, 
equally obviously in motion. The race clear- 
ly pinpoints the anomaly by slio whig one car 
moving and the other stationary while at the 
same point. In the second case, both eais 
travel at the same constant speed across the 
screen, with the distance between them re- 
maining constant, i.e. they do not pass one 
another. This race shows that i\vo cars do 
not have to be at the same place while mov- 
ing with the s'Ainc speed, and at the same 
time intioduces the correct criterion of the 
constant inter-car distance. 

Results oJ program use 

It is possible tor a student in one session of 
20 minutes lo work through the diagnosis 
pan ot the progiam and, if necessary, to do 
the remedial work and repeat the diat;iu)sis. 
If is easy, therclore, to gather data on the ef- 
fect of the program itself, as opposed to 
other possible Influences on student 
responses. The responses obtained Irom 85 
students in a first yeai physics course ai this 
univcrshy (Physics I(J1)| are representative 
of the results which the program can 
achieve. A total of 23 students could not 
judge speeds correctly. Of these, 14 worked 
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Table I . Correct (C), •|)t)!»itioir U'>* anU ranUum (\) i,coi c:» of 7 Physics U.l I ) ^tuUciits in i'i;i>r«,u y 
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through thcrcfncdiut pun and repcuicd the 
diagnosis, und 10 out of 14 clianged and 
were able to judge speeds correctly. Even 
without a full-scale evaluation, it is possible 
to see that the program is doing very 
satisfactorily what it was designed to do. 

It Is necessary in interpreting the results of 
students who did not respond correctly to 
note that the data is gathered in the fonn of 
correct (C), position (P) and random (X) 
responses to the six diagnostic races, 
Because it is possible to make more than one 
type of response to a given race, the total 
number of responses may be more than six. 
The C, P and X a'ores of a representative 
group of these students before and after do- 
ing the remedial program are shown in Table 
I, together with the changes in these scores. 

It is clear that there was a jbsianiial in- 
4;reasc in the number of C scores, and a cor- 
responding decrease in P scores, with some 
of the ind^idiial changes being particularly 
striking. The significance of these changes is 
strengthened by considering that students 
were not shown which were the correct 



points in the diagnostic races, but were 
.simply shown the procedure which they had 
to apply for themselves. In addition the 
same students were asked a few weeks later 
about their re.sponses. Those whose 
responses had not changed immediately 
after the program were still confused. One 
response here was that cars would move at 
the same speed 'when their speeds remain 
constant, and when-they travelled together 
(side by .side)'. Conversely, tho.se who had 
changed, acknowledged their change, and 
could explain how they how Judged equal 
speeds. For example, one student said he 
•made a mistake the first time by taking the 
point where they pa.ss each other as ihcsamc 
speed* and would now look for 'when they 
keep more or less the same distance apart*. 

Mkrocompuler programs on force 

The programs were designed for students 
who believe that moving objects always re- 
quire forces to keep them moving, who con- 
fuse force with related concepts such as 
energy and momentum, and who think that 



forco^ are due lo aclivc a(',enis and are 
itieretoie unceiUiin about gravity and fric- 
tion. In order to address these ideas, it is 
necessary lo be able to discuss a prototypical 
force about which there is likely to be^ 
iJcneral agreement. The most common 
prototypes are probably liuman pushe.s or 
pulls, but they suffer from the probient that 
ihcy are generally variable in magnit ude and 
of short duration. The force exerted by a 
rocket, however, is clearly an active force, 
and it is easy to imagine how to control the 
magnitude, the direction and the duration 
of the force. As a result the rocket is a con- 
stant theme throughout the programs. 

The diagnostic programs were adapted 
from a task i sed by Clement," in which he 
asked .students to consider the forces which 
acted on a coin that was thrown vertically 
upwards. More specifically, he asked them 
to name the forces, to show their directions 
and to compare their magniiudes after the 
coin had left the hand, and while it was still 
movuig upwards. Clement found that this 
task evoked the response that there was an 
upward force from 70% of a group of 
engineering students who had completed a 
first cour.se of university physics. On a 
similar task, 33% of the first year physics 
major students at this university gave the 
same response after completing the section 
on mechanics. In otner words, it is a good 
task for identifying students who hold the 
alternative conception that 'motion implies 
a force*. 

The first diagnostic task (DG I) simulates 
the motion of a rocket which takes off ver- 
tically upwards. After a short while, the 
engine cuts out and the rocket continues to 
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I'ig. 2. The Newtonian explanation of three types of motion con- 
sidered in first remedial program (KM I). All rockets move front 
left to right. Arrows in brackets show directions only, and not 
magnitudes. 



Fig. 3. The 'moiion force' cxplanatioji of itiree types of motion 
considered in second remedial program (RM 2). All rockets move 
from left to right. Arrows in brackets show dircciiojis only, aiid 
not magnitudes. 
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move upwards bm now slows down until i' 
Slops, before falling back toenrili, Siudeiits 
are asked to consider tli e forces acting on the 
rocket at four points — alter take-off, 
before and after engine cut-out t and before 
the rocket stops moving upwards. At each 
point they arc asked to name the forces ac- 
ting, give their directions and compare their 
magnitudes. In addition they are asked 
whether the same forces arc acting at sue* 
cessive points, and if so, how their 
magnitudes compare. The task is summariz- 
ed in Fig. 1. 

This task was designed to answer the 
following questions: VVhnt types of quan- 
tities are regarded as forces? In particular, 
does the student regard gravity and motion 
as forces? With respect to magnitudes, is the 
largest force necessarily in the direcilon of 
motion? 

The second diagnostic task (DCi 2) 
simulates the motion of a rocket travelling 
horizontally on a track which can be either 
rough or smooth ^ i.e. friction less. The 
rocket starts from rest, speeds up until the 
engine cuts out. and then either slows down 
(Part I) or contnuics moving at a constant 
speed(Part II). depending on whether or not 
the track is stnooth. In a further option on 
th? smooth surface, the engine docs not cut 
out. but instead reverses its direction so that 
the rocket slows dow n , stops, and moves oi l 
in the opposite direction. As bclorL*. ihc 
students are asked to name ihc lorces* »!t\c 
their directions and compare then 
magnitudes at difterent points while titc 
engine is on and after cut-out or dircciiiMi 
reversal. This task was designed to gather 
the additional information ot whether 
students regarded friction as a force and 
how they related forces to a constant veloci* 
ty motion. 

Remediation 

The remeduil progranis use Viennot's 
resuh that the force conception which a stu- 
dent uses depends on the context in which 
the ta.sk is set. In other words, there arc ex* 
am pies where there is geneial agreement thai 
a prototypical force is a.iing. The overall 
aim of the remedial programs is to cstabhsh 
what effect -.uch a prototypical force, or 
combination of such forces, has on the mo- 
tion of an object. Once these effects are 
established, the argument is turned around 
and they are used to determine what forces 
might be acting on an object whose motion 
is given. Included in these motions are tho^c 
which give rise to the aliernaii \ c conceptions 
discussed above, so that the conllicting ex 
planations can be compared. 

The first remedial program (RM I) was 
designed to establish the effect that pro- 
totypical forces ha\e on the motion of an 
object on which they act. For the reasons 
discussed above » rocket engines were used lo 
exert prototypical forces, and for simplicity 
_otion was restricted to one dimension. By 



using combination^ of stnjple constant- 
thrust rockets which can be either on or olf, 
pr act to the left or the right , different resul- 
tant forces can be obtained. Within these 
constraints, the effects of forces can be 
determined in qualitative terms, i.e. a force 
acting on its own, or the resultant of a 
number of forces, is able to accelerate (speed 
up) an object which is cither at rest or 
already moving; and ig able to decelerate 
(slow down), stop and change the direction 
of a moving object. As important as these 
effects is the converse: when no fc ce or a 
zero resultant force acts on a moving object, 
the object continues to move with an un- 
changing velocity. These results are suni- 
niari/ed in Fig. 2. 

The second remedial program (RM 2) was 
designed to address the alternative concep- 
tion of 'motion implies a force'. Some 
characteristics of such a 'motion force' are 
llrst established using an example par- 
ticularly likely to evoke this conception: an 
object moving with constant velocity 
without any obvious force in thedircctionof 
tnotion. In particular, the idea is established 
thai if the 'motion force' exists, it is 
reasonable to expect it to increase with the 
speed of the object. After considering the 
itncontroversial example of an object which 
is s|x*cding up. the crucial example is 
piwcnicd. \\\ oiijcct is shown to be slowing 
down under the actioti ot a rocket firing in 
If'-.* rowise direciion to that ot the 'motion 
i.M i-'. The direction ol the resultant of 
u>v.kL'i lorce and motion force depends on 
ilietr relative magnitudes, and since by con- 
sideiing an object which is moving fast 
enough, it is always possible to have a tno- 
tion force larger than the rocket force, there 
must be a case where the 'resultant' is in the 
direction of motion, while the object is slow- 
ing down. These results, based on the same 
three examples used in RM 1 , are summariz- 
ed in Fig. 3. 

The last result, however, contradicts what 
happens when only prototypical forces act; 
i.e. it is designed to lower the status of the 
'motion force' conception. The process is 
carried on by showing that a 'motion force' 
on its own is unable to have the same effect 
as a prototypical force; i.e. to change vcloci- 
. ty. and finally the fact that a moving object 
is different from a stationary object is 
recognized by differentiating the foicc itself 
from the motion produced, and catling the 
latter momcntmn rather than motion force. 

The third remedial program (KM 3) was 
designed to address the alternative concep- 
tion that passive agent s^ such as gravity and 
friction, were not t'orces. By using similar 
examples, and allowmg the student to ex- 
pciituent with motions in which gravuy and 
friction could be switched on or oft at will, 
he or she was shown that iliese two could be 
regarded as forces, because they were ableio 
produce the same cflects that prototypical 
forces did. "^"^ 



1 he rcspoii.NCs made by si udents who have 
used these programs ha^e provided answers 
to nuiny of the qucNtions posed above. 
I hese answers are. howcNcr, tentative and at 
this stage specillc'ti) Physirs l(,ll) because 
trial versions ot the pi ogi ams were used . and 
they need to be revised. In addition, the se- 
cond diagnosMC program (1)0 2) was 
available niily well after the mechanics sec- 
tion of the course had heen taught. Thus, 
because a considerahic amount of lime in- 
tervened between the use of different pro- 
grams, it is im|)Ossible to attribute any 
specific effect to them. 

What types of quantities do Physics l(JI) 
students rcgaid as Ibrccs? I his can be deter- 
mined from the diagnostic programs which 
require sludcrUs to type in the names of 
forces acting. Within the context of the 
rocket tasks, the responses to D(i I in 
l-ebiuary 1983 show five main types of 
force, only three of these being Newtonian. 
These three were gravitational force, fric- 
tional forces (e.g. 'friction', 'air resistance', 
'drag'} and rocket thrust (e.g. 'propulsion', 
'engine*). Both of the other types were close- 
ly related to Viennot's 'supply of force' and 
Clement's 'motion implies a force' notion. 
On the one hand was the idea that the 
property which the rocket had because 
of its motion was a force. 'Motion'. 
* momentum', 'inertia', 'inner force', 
'kinetic energy' were examt)les in this 
category. On theotiier hand, terms were us- 
ed which were more descriptive of the mo- 
tion; e.g. 'speed', 'terminal', 'acceleration', 
'upward'. In August 1983, the same 
categor ies of response were made to t)G 2. 
although as is shown later, the frequency of 
the non-Newtonian categories was much 
lower. These changes are consistent with 
responses to a question asked in I)(j 2, 'Arc 
there quantities other than forces whrch af- 
fect the motion ot a rocket?' A -significant 
number of students listed 'momentum' or 
'inertia*. 

\ number of more speed ic questions, all 
of which require ycs^no answers, arc given 
in I able 2. I he number i)l siudenls whose 
responses enabled an answei to he given rs 
listed, together with the percent age of the 
group who gaNc a '>cs' answci . 

The responses to questions 1 and 2 show- 
that Physics i(Jl) students ha\c little dil- 
tlcuhy in identi lying the 'passive' quantities 
of gra\ily and fricti(ui as forces. This aui- 
lirms the pattern ol responses to the more 
general qiiesiiou discussed .iWue. 

Quest imi V Ktuoirorialouc'' I his idea is 
much ini^rc prc\alc.ii. wuh tiuuc than ^>i)^o 
ol the ».-lass concurring ar the sian of the 
year. As ihc year progressed, wnh siudctiis 
working ihiough the remedial progiamsand 
ai tendinis course lectures on the topij. this 
percentage dropped signilicantlv u) .^0°o. 
While this is still not saiislaciory. the fact 
ihai the responses were m ide to a range of 
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diniTcni liXsk.s. bolh pcncil-and-paper and 
conipiiicr'-based, sug^iesis ihai a geiuiine 
change has occurred. This, hosvever. needs 
to be considered in reiation lo iho nexi ques- 
tion. 

Question 4: Does rocket ihru.sl increase 
with .speed? This i.s a clear expect ation of the 
'motion implies a force' view, whereas it is 
not a crucial quesuon tor N^^wtonian 
mechanics in which increasing, constant and 
decreasing rocket forces cun all produce a 
speed iticrea.se. The diagnostic programs 
clearly stated. howe\er. that the rocket ev- 
erted a constant thrust, so the fact that more 
than SO^'o of the available groups ol IMiysjcs 
KJl) students con.sistently responded aftlr 
matively to the question indicates that the 
lower percentage of students who state thai 
motion a force mus; be regarded eir- 
cumspecfty. Of relevance are the follo\\ing 
points. Firstly, question ^ was addressed ex- 
plicitly in remedial progiams sshereas Ques 
tion 4 \sas not. Secondly, the context 
dependency of smdents' answers is shown 
by the larger percentage who thought that 
rocket thrust increased with speed when Iric 
tioii was present, finally. K out of 10 
students who changed their responses when 
Iriciion was picseni ilid not think thai mo 
tion was a Umcc. In other words, the rela 
tionshif) between lesponses to Questions 3 
and 4 IS noi ohvious and needs luriher con 
sideration. 

Question.^: Isihelargei force m the direc- 
tion of motion? KetHMises {o ihis qiiestum 
could be given only h> students whi^ liad 
already shown that the> lequred a Moice' in 
the diieclion lA' motion. Amongsi this 
group, there was a substanti.il drot> m .iftir- 
niativc aiisweis I his niay be a i espouse to 
the second remedial pmgram (KM 2). which 
was designed lo identil> the cuiuradictioii 



inherent in the 'motion force' being the 
largest on a rocket which is slowing down. 
This, therefore, is also a result which re- 
quires more investigation. 

Sunwnur> 

In this article. I have described the use of 
microcomputers in addressing students* 
alternative concept ions of physical 
phenomena by means of diagnostic and 
remedial programs. The programs have 
been designed In accord with a model of 
conceptual change wliich implies that m- 
stiuciion should involve the identification 
or diagnosis of students* conceptions and 
the lowering of the status or remediation of 
these conceptions where they are alternai ive 
to what is to be taught, in addition to the 
raising of the status ol the new content being 
taught. 

1 he programs were des . ned to diagnose 
and remediate altei native conceptions ol 
speed and force. With respect to speed the 
lesultsshow that thisaliernatiseconcepiion 
IS held by maii> siudenisat first year uni\er 
siiy level, and thai the lemedial program is 
able to efleet dramatic changes to this alter- 
nativeconception. Wiih respect to force, the 
lesuiis show ihal ihc program** ^erc able to 
diagnose a number ol interrelated aspects ot 
alieinatne tontepiions of lorce. Although 
there is some evidence thai siiidenf eonccp 
tionsclianged during ihecourseof the >ear. 
It IS noi yet possible to attnbuie this to the 
remedial programs, boih because of then 
pieliminary nature and because ol the com- 
plexiiN iJf the iioiion ot force in relation to 
the wide range of situations in which it is ap- 
plicable, in conclusion. I believe that the 
icscaich reported in ihis article is inipoi tani 
because it (Hiuides a \ahiable addilion t«i 
the currem range ot iiisinietional apphca 



(ions ul III icr i)si>in p u I er s. and ii 
demonsiraies the \alue of the conceptual 
change model of learning in the design of 
computer-aided insiriielion. 
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